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ABSTRACT

INTRODUCTION: Cardiorespiratory arrest outside hospital occurs in approximately 1/10,000 children per year in resource-rich countries,
with two-thirds of arrests occurring in children under 18 months of age. Approximately 45% of cases have undetermined causes, including
sudden infant death syndrome. Of the rest, 20% are caused by trauma, 10% by chronic disease, and 6% by pneumonia. METHODS AND
OUTCOMES: We conducted a systematic overview, aiming to answer the following clinical question: What are the effects of treatments for
non-submersion out-of-hospital cardiorespiratory arrest in children? We searched: Medline, Embase, The Cochrane Library, and other im-
portant databases up to November 2014 (BMJ Clinical Evidence overviews are updated periodically; please check our website for the most
up-to-date version of this overview). RESULTS: At this update, searching of electronic databases retrieved 192 studies. After deduplication
and removal of conference abstracts, 81 records were screened for inclusion in the overview. Appraisal of titles and abstracts led to the
exclusion of 68 studies and the further review of 13 full publications. Of the 13 full articles evaluated, three systematic reviews were added
at this update. We have also added eight studies to the Comment section. We performed a GRADE evaluation for three PICO combinations.
CONCLUSIONS: In this systematic overview, we categorised the efficacy for nine interventions based on information about the effectiveness
and safety of airway management and ventilation (bag-mask ventilation and intubation), bystander cardiopulmonary resuscitation, direct-
current cardiac shock, high dose and standard dose intravenous adrenaline (epinephrine), intravenous sodium bicarbonate, intubation versus
bag-mask ventilation, targeted temperature management, and training parents to perform resuscitation.

QUESTIONS

What are the effects of treatments for non-submersion out-of-hospital cardiorespiratory arrest in children?. .. 4
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ventilation and intubation)* . . .. ................ 4 Targeted temperature management . ........... 11
Bystander cardiopulmonary resuscitation* . . .. .. .. 5

Direct current cardiac shock (for ventricular fibrillation ~ Footnote

or pulseless ventricular tachycardia)* . . .......... 7 *Although we found no direct evidence to support their
Standard dose intravenous adrenaline (epinephrine)*.  USe, widespread consensus holds that, on the basis of
3 indirect evidence and extrapolation from adult data,

these interventions should be universally applied to

children who have arrested.
L Unknown effectiveness

Training parents to perform cardiopulmonary resuscita-
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 Cardiorespiratory arrest outside hospital occurs in approximately 1/10,000 children per year in resource-rich
countries, with two-thirds of arrests occurring in children under 18 months of age.

Approximately 45% of cases have undetermined causes, including sudden infant death syndrome. Of the rest,
20% are caused by trauma, 10% by chronic disease, and 6% by pneumonia.

 Overall survival for out-of-hospital cardiorespiratory arrest in children is poor.

Overall survival for children who sustain cardiorespiratory arrest outside hospital not caused by submersion in
water is about 4%.

Of those who survive, between half and three-quarters will have moderate to severe neurological sequelae.

 There is very poor evidence for any intervention in cardiorespiratory arrest in children. Despite this, placebo-controlled
trials for most accepted interventions would be ethically challenging in this population.

» High-quality chest compressions with minimal interruption and immediate airway management and ventilation are
widely accepted to be key interventions.

On the basis of observational evidence and experience, most clinicians regard bystander cardiopulmonary resus-
citation to be an important intervention in out-of-hospital cardiopulmonary arrest, although the effects of training
parents in cardiopulmonary resuscitation are unknown.

 Ventilation with a bag and mask seems as effective as intubation. The most suitable method for the situation should
be used.

« Direct current cardiac shock is likely to be beneficial in children with ventricular fibrillation or pulseless ventricular
tachycardia.
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Ventricular fibrillation or pulseless ventricular tachycardia are the underlying rhythms in 10% of cardiorespiratory
arrests in children, and are associated with a better prognosis than asystole or pulseless electrical activity.

Defibrillation within 10 minutes of the arrest may improve the outcome.
« Intravenous adrenaline is widely accepted to be the initial medication of choice in a paediatric cardiac arrest.
The standard dose of intravenous adrenaline is 0.01 mg/kg.

We don't know how high-dose adrenaline (0.1 mg/kg) and standard-dose adrenaline compare in children with
cardiac arrest. The evidence is sparse and should be interpreted with caution. The AHA does not recommend
use of high-dose adrenaline.

We found no direct information from RCTs about the effects of intravenous sodium bicarbonate in children who
have arrested in the community.

» The effects of cooling a child after arrest are unknown.

Clinical context

GENERAL BACKGROUND
Out-of-hospital cardiorespiratory arrest in children, although rare, is associated with low survival rates and poor
functional neurological outcomes in children who survive.

FOCUS OF THE REVIEW

This overview aims to determine the evidence available to support the use of widely practised and taught interventions
such as Paediatric Advanced Life Support measures in the management of out-of-hospital cardiorespiratory arrest
in children. These include airway management and ventilation, bystander cardiopulmonary resuscitation, direct current
cardiac shock, standard-dose intravenous adrenaline, and induced hypothermia. Evidence for the use of high-dose
intravenous adrenaline and intravenous sodium bicarbonate has also been reviewed. These interventions are not
currently recognised to be standard practice, but have been widely used in the past. Training programmes for parents
to perform cardiopulmonary resuscitation exist widely and are popularly recommended; as such, this intervention
has also been included in this overview.

COMMENTS ON EVIDENCE

Very few clinical trials have been conducted to evaluate the effectiveness of therapies for out-of-hospital cardiores-
piratory arrest in children. Despite the lack of evidence, placebo-controlled trials for most accepted interventions
would be ethically challenging in this population. Because of the paucity of RCT evidence, some data from observa-
tional studies have also been included in the Comment sections of this overview.

SEARCH AND APPRAISAL SUMMARY

The update literature search for this overview was carried out from the date of the last search, December 2009, to
November 2014. For more information on the electronic databases searched and criteria applied during assessment
of studies for potential relevance to the overview, please see the Methods section. Searching of electronic databases
retrieved 192 studies. After deduplication and removal of conference abstracts, 81 records were screened for inclusion
in the overview. Appraisal of titles and abstracts led to the exclusion of 68 studies and the further review of 13 full
publications. Of the 13 full articles evaluated, three systematic reviews were added at this update. Based upon their
own search, the contributors added eight studies to the Comment sections.

ADDITIONAL INFORMATION

Although out-of-hospital cardiorespiratory arrest in children is associated with low survival rates, high-quality chest
compressions with minimal interruption, immediate airway management, and ventilation are widely accepted to be
key interventions. Ventilation with a bag and mask seems as effective as intubation. The most suitable method for
the situation should be used. Direct-current cardiac shock is likely to be beneficial in children with ventricular fibrillation
or pulseless ventricular tachycardia. These are the underlying rhythms present in 10% of cardiorespiratory arrests
in children, and are associated with a better prognosis than asystole or pulseless electrical activity. Defibrillation
within 10 minutes of the arrest may improve the outcome. Evidence from observational studies suggests that standard-
dose intravenous adrenaline and bystander cardiopulmonary resuscitation are likely to be beneficial.

DEFINITION This overview covers non-submersion, out-of-hospital cardiorespiratory arrest in children. The
paediatric Utstein style definition [ js cessation of cardiac mechanical activity, determined by the
inability to palpate a central pulse, unresponsiveness, and apnoea occurring outside of a medical
facility and not caused by submersion in water. The use of pulse palpation in the determination of
cardiorespiratory arrest has been de-emphasised in the Advanced Life Support guidelines due to
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the difficulties that even trained healthcare providers encounter to confidently detect a pulse in an
absent or low blood pressure state. @

INCIDENCE/
PREVALENCE

We found 24 observational studies (10 prospective, 14 retrospective) reporting the incidence of
non-submersion out-of-hospital cardlores?wator%/ arrest in children (see table 1, p 15). B Wb
6] [71 [8] [ [10] [11] [12] [13] [14] [15] [17] 18] [19] [20] [21] [22] [23] [24] [25] [26] Six studies

reported the incidence in both adults and children, B D4 9] 200 222 g 18 reported the
incidence in children alone. B © B 6 71 ] {0 [11] [2] [13] [15] [16] [17] [18] [23] [24] [25]
%! The incidence in the general population in these studies ranged from 0.7 to 5.7/100,000 people
per year. The incidence in children ranged from 3 to 18/100,000 children per year. Two prospective
studies (761 children in total) found that 40% to 50% of cardiorespiratory arrests in children aged
under 12 months occur out of hospltal 01 Two prospective studies identified that children
were aged under 18 months in approximately 50% (range 45%—65%) of out-of-hospital cardiores-
piratory arrests. ™4 I8

AETIOLOGY/
RISK FACTORS

We found 37 observational studies rePortlng the causes of non-submersion pulseless arrests in a
total of 3265 children. [4] [5] [6] [71 [8] [9] [10] [11] [12] [13] [15] [16] [18] [20] [21] (23] [24] [25]

[26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] The most

common causes were undetermined (as in sudden infant death syndrome, 42%), trauma (19%),
chronic disease (6%), and pneumonia (3%) (see table 2, p 16 ).

PROGNOSIS

We found no observational studies that investigated non-submersion arrests alone in a complete
paediatric population. We found one systematic review (search date 2004) of 41 case series and
cohort studies (9 prospective, 32 retrospective; total of 5363 children), which reported outcomes
for out- of hospital cardiopulmonary arrest of any cause, including submersion, in children up to 18
years. 1 Studies were excluded if survival, with survival-to- -hospital discharge as a minimum, was
not reported as an outcome. The overaII survival rate (to hospital discharge) for the children
meeting the paediatric Utstein style definition for out-of-hospital non-submersion arrest was 5%
(190/3475 children). Of the 190 surviving children, 43/190 (23%) had no or mild neurological dis-
ability, and 147/190 (77%) had moderate or severe neurological disability. Five subsequent
prospective cohort studies of a total of 1503 children, including 90 children who sustained submersion
events, reported a range of survival-to-hospital discharge between 0% and 6% (mean 4%). (7
8] feof (2] (26 Two subsequent retrospective cohort studies of a total of 234 children with non-
submersion out-of-hospital cardiac arrest reported survival rates to hospital dlscharge between 3%
and 5%, with 50% of the survivors sustaining severe neurological deficits. 23 131 ope subsequent
retrospective cohort study of 193 children with out-of-hospital cardiac arrest, including 20 children
who sustained submersmn events, reported survival rates of 7%, with good neurological outcome
in 80% of survivors. ?* One subsequent retrospective cohort study of 362 children with non-sub-
mersion, traumatic out-of-hospital cardiac arrest reported survival rates of 9%, with good neurolog-
ical outcome in 3% who achieved sustalned return of spontaneous circulation, and in 32% of those
who survived to hospital discharge. 146 (See table 3., p 16 ) Two prospective cohort studies of a
total of 23 paediatric patients who experienced out-of-hospital cardiac arrest during exertional ac-
tivity reported survival rates of 64% to 67%. (211 ¥7 Al members of this cohort had a primary cardiac
aetlology for the sudden cardiac arrest and had an initial cardiac arrest rhythm that was shockable.
21 B \we found one systematic review (search date 1997), which reported outcomes after car-
diopulmonary resuscitation for both in-hospital and out-of-hospital arrests in children of any cause,
including submersion. 81 Studies were excluded if they did not report on survival. The review
found evidence from prospective and retrospective observational studies that out-of-hospital arrest
of any cause in children has a poorer prognosis than within-hospital arrest (132/1568 [8%] children
survived to hospital discharge after out-of-hospital arrest v 129/544 [24%] children after in-hospital
arrests). About half of the survivors were involved in studies that reported neurological outcome.
Of these, survival with "good neurological outcome" (i.e., normal or mild neurological deficit) was
higher in children who arrested in hospital compared with those Who arrested elsewhere (60/77
[78%] surviving children in hospital v 28/68 [41%] elsewhere) (See also table 3., p 16 ) We
identified one subsequent retrospective cohort study comparing outcomes of in-hospital and out-
of-hospital cardiac arrests in children aged 24 hours to 18 years, which reported an out-of-hospital
cardiac arrest survival of 53/138 (38%) and a rate of good neurological outcome of 31/138 (24%).
49 Another retrospective cohort study reporting on the long-term outcome of paediatric out-of-
hospital cardiac arrest in 1683 paediatric patients treated for out-of-hospital cardiac arrest during
the study period found that only 91 (5%) of these patients survived to hospital discharge, including
20 children who sustained submersion events. *” Of those who survived to hospital discharge,
survival at 1 year was 92%, 86% at 5 years, and 77% at 20 years. Long-term survivors more often
had witnessed events, had presented with shockable rhythms, and had more favourable neurolog-
ical outcomes at hospital discharge than patients who subsequently died.
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AIMS OF To improve survival and minimise neurological sequelae in children who suffer out-of-hospital
INTERVENTION cardiorespiratory arrest.

OUTCOMES Mortality out-of-hospital death rate; rate of death in hospital without return of spontaneous circula-
tion; return of spontaneous circulation with subsequent death in hospital; return of spontaneous
circulation with successful hospital discharge; neurological outcomes discharge from hospital
with mild, moderate, severe, or no neurological sequelae; adverse effects.

METHODS Search strategy BMJ Clinical Evidence search and appraisal date November 2014. Databases
used to identify studies for this systematic overview include: Medline 1966 to November 2014,
Embase 1980 to November 2014, The Cochrane Database of Systematic Reviews 2014, issue 11
(1966 to date of issue), the Database of Abstracts of Reviews of Effects (DARE), and the Health
Technology Assessment (HTA) database. Inclusion criteria Study design criteria for inclusion in
this systematic overview were systematic reviews and RCTs published in English, at least single-
blinded, and containing more than 20 individuals (10 in each arm), of whom more than 80% were
followed up. There was no minimum length of follow-up. We excluded all studies described as
‘open’, 'open label', or not blinded unless blinding was impossible. BMJ Clinical Evidence does not
necessarily report every study found (e.g., every systematic review). Rather, we report the most
recent, relevant, and comprehensive studies identified through an agreed process involving our
evidence team, editorial team, and expert contributors. Evidence evaluation A systematic literature
search was conducted by our evidence team, who then assessed titles and abstracts, and finally
selected articles for full text appraisal against inclusion and exclusion criteria agreed a priori with
our expert contributors. In consultation with the expert contributors, studies were selected for inclu-
sion and all data relevant to this overview extracted into the benefits and harms section of the review.
In addition, information that did not meet our pre-defined criteria for inclusion in the benefits and
harms section may have been reported in the 'Further information on studies' or '‘Comment’ sections
(see below). Adverse effects All serious adverse effects, or those adverse effects reported as
statistically significant, were included in the harms section of the overview. Pre-specified adverse
effects identified as being clinically important were also reported, even if the results were not sta-
tistically significant. Although BMJ Clinical Evidence presents data on selected adverse effects
reported in included studies, it is not meant to be, and cannot be, a comprehensive list of all adverse
effects, contraindications, or interactions of included drugs or interventions. A reliable national or
local drug database must be consulted for this information. Comment and Clinical guide sections
In the Comment section of each intervention, our expert contributors may have provided additional
comment and analysis of the evidence, which may include additional studies (over and above those
identified via our systematic search) by way of background data or supporting information. As BMJ
Clinical Evidence does not systematically search for studies reported in the Comment section, we
cannot guarantee the completeness of the studies listed there or the robustness of methods. Our
expert contributors add clinical context and interpretation to the Clinical guide sections where ap-
propriate. Structural changes this update No changes. Data and quality To aid readability of
the numerical data in our overviews, we round many percentages to the nearest whole number.
Readers should be aware of this when relating percentages to summary statistics such as relative
risks (RRs) and odds ratios (ORs). BMJ Clinical Evidence does not report all methodological details
of included studies. Rather, it reports by exception any methodological issue or more general issue
that may affect the weight a reader may put on an individual study, or the generalisability of the
result. These issues may be reflected in the overall GRADE analysis. We have performed a GRADE
evaluation of the quality of evidence for interventions included in this overview (see table, p 17).
The categorisation of the quality of the evidence (into high, moderate, low, or very low) reflects the
quality of evidence available for our chosen outcomes in our defined populations of interest. These
categorisations are not necessarily a reflection of the overall methodological quality of any individ-
ual study, because the BMJ Clinical Evidence population and outcome of choice may represent
only a small subset of the total outcomes reported, and population included, in any individual trial.
For further details of how we perform the GRADE evaluation and the scoring system we use, please
see our website (www.clinicalevidence.com).

(ols]=S3[e]NVIll \What are the effects of treatments for non-submersion out-of-hospital cardiorespiratory
arrest in children?

OPTION AIRWAY MANAGEMENT AND VENTILATION

We found no direct information from RCTs about the use of airway management and ventilation, including
bag-mask ventilation and intubation, in children who have arrested out of hospital.

For GRADE evaluation of interventions for cardiorespiratory arrest in children, see table, p 17 .
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Benefits:

We found no systematic review or RCTs on the effects of airway management and ventilation in
children who have suffered out-of-hospital cardiorespiratory arrest.

Harms: We found no RCTs.

Comment: It is widely accepted, based on indirect evidence and extrapolation from adult data, that rapid es-
tablishment of an airway and effective management of ventilation should be undertaken in a child
who has arrested, and it would be considered unethical to test its role in a placebo-controlled trial.
Clinical guide
There is general consensus that rapid establishment of an airway and effective management of
ventilation are crucial initial interventions in the management of a paediatric out-of-hospital car-
diopulmonary arrest.

OPTION BYSTANDER CARDIOPULMONARY RESUSCITATION

We found no direct information from RCTs about the use of bystander cardiopulmonary resuscitation in
children who have experienced a cardiac arrest out of hospital.

Note

Cardiopulmonary resuscitation, including compressions, ventilations, or both, is an important intervention
in out-of-hospital cardiopulmonary arrest.

For GRADE evaluation of interventions for cardiorespiratory arrest in children, see table, p 17 .

Benefits:

Harms:

Comment:

We found no systematic reviews or RCTs on the effects of bystander cardiopulmonary resuscitation
in children who have suffered out-of-hospital cardiorespiratory arrest.

We found no studies.
Placebo-controlled trials would be considered unethical.

We found one systematic review (search date 2004, 5363 children who had arrested outside hos-
pital, including submersion cases) of prospective and retrospective observational studies, 3 and
two subsequent observational studies (709 children in total). (8 1431 The review included nine
studies that quantified bystander cardiopulmonary resuscitation data, of which seven reported on
survival to hospital discharge (41/433 [9%] with bystander cardiopulmonary resuscitation v 49/1042
[5%)] with no bystander cardiopulmonary resuscitation; significance not assessed because of het-
erogeneity). Risk ratios for survival to hospital discharge varied widely (0.53 to 4.7), and the review
found significant heterogeneity among studies (P = 0.001). One study had no survivors and was
excluded from pooled analysis. The review concluded that pooled analysis of the six remaining
studies failed to demonstrate a consistent association between bystander cardiopulmonary resus-
citation and survival (data presented graphically in the review). Cardiopulmonary resuscitation was
not randomly allocated, and children resuscitated may have been systematically different from
those who did not receive resuscitation. The apparent survival rates for withessed arrests and arrests
with bystander-initiated cardiopulmonary resuscitation may be artificially high because of inappro-
priate evaluation of true arrest. However, assuming that confounding variables were evenly dis-
tributed between groups, the best estimate of the benefit of cardiopulmonary resuscitation is a 30%
absolute increase in the probability that children will be discharged alive from hospital.

The first subsequent observational study (85 children) found that bystander cardiopulmonary resus-
citation was significantly associated with increased survival compared with no bystander cardiopul-
monary resuscitation (survival to hospital discharge: 3/20 [15%)] with bystander cardioPuImonary
resuscitation v 1/65 [2%)] without bystander cardiopulmonary resuscitation; P = 0.04). “I The
second prospective observational study (624 people aged <20 years, 29 of whom suffered submer-
sion arrests) reported bystander cardiopulmonary resuscitation initiation in 217/624 (35%) of pae-
diatric out-of-hospital cardiac arrests. B The study found no significant difference in rates of survival
with initiation of bystander cardiopulmonary resuscitation (no data reported), although the study
E/lvgs under-powered to detect a relationship because of low numbers of survivors (40/624 [6%]).

We also found one population-based cohort study (7624 children aged <19 years, including 5323
with non-cardiac origin), which reported that children who received bystander cardiopulmonary
resuscitation had increased odds of 1-month survival (OR 2.81, 95% CI 2.30 to 3.44) and increased
odds of favourable neurological outcome (OR 4.55, 95% CI 3.35 to 6.18) compared with children
who did not receive bystander cardiopulmonary resuscitation. (1
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Two population-based cohort studies examined the impact of dispatcher instruction on bystander
cardiopulmonary resuscitation. The first study, a retrospective review of paediatric out-of-hospital
cardiac arrests (1780 people aged <20 years), found that telephone instruction regarding bystander
cardiopulmonary resuscitation was associated with a significantly higher proportion of patients re-
ceiving chest compressions (69% v 28%; P <0.001), improvements in 1-month survival (19% v
11%; P <0.001), and a trend towards an increase in favourable neurological outcomes (7% v 5%;
P =0.068). 52 The second, a prospective study of paediatric out-of-hospital cardiac arrests (5009
people aged <18 years), examined three groups of patients: those who received bystander car-
diopulmonary resuscitation with dispatcher instruction (2019 children), those who received bystander
cardiopulmonary resuscitation without dispatcher instruction (703 children), and those who did not
receive bystander cardiopulmonary resuscitation (2287 children). The study reported increased
odds of 1-month survival in patients who received bystander cardiopulmonary resuscitation with
dispatcher instruction (adjusted OR 1.63, 95% CI 1.32 to 2.02) or bystander cardiopulmonary re-
suscitation without dispatcher instruction (adjusted OR 1.62, 95% CI 1.23 to 2.11) compared with
patients who did not receive bystander cardiopulmonary resuscitation. The study also reported in-
creased odds of favourable neurological outcome in patients who received bystander cardiopul-
monary resuscitation with dispatcher instruction (adjusted OR 1.81, 95% CI 1.24 to 2.67) or by-
stander cardiogulmonary resuscitation without dispatcher instruction (adjusted OR 1.68, 95% CI
1.07 to 2.62). 31 Neither of the studies indicated whether or not the population of study included
submersion cases.

Potential harms include injury resulting from unnecessary chest compression after respiratory arrest
with intact circulation. The systematic review “* and the observational studies " ¥ gave no
information about adverse effects.

Clinical guide

It is widely accepted that cardiopulmonary resuscitation, including compressions, ventilations, or
both, should be undertaken in children who have arrested, although the evidence remains weak.
On the basis of observational evidence and experience, most clinicians regard bystander cardiopul-
monary resuscitation to be an important intervention in out-of-hospital cardiopulmonary arrest. The
2015 International Liaison Committee on Resuscitation's Consensus on science with treatment
recommendations encourages trained rescuers to provide both ventilations and chest compressions,
recognising initiation of timely rescue breathing as part of effective cardiopulmonary resuscitation
in children, and lessening the emphasis (in the 2010 statement) on compression initiation even
before airway or breathing management has begun. The consensus recommendation continues
to encourage those rescuers who are reluctant or unable to perform ventilations to institute and
continue chest compressions without interruption. 54 Trained rescuers are advised to apply a
'push hard, push fast' technique for chest compressions, allowing for optimal maintenance of circu-
lation while allowing full chest recoil. Full chest recoil and strict attention to ventilation technique
may minimise the negative effect of excessive positive intrathoracic pressure on cardiac output. (@

OPTION TRAINING PARENTS TO PERFORM CARDIOPULMONARY RESUSCITATION

We found no direct information from RCTs about the effects of training parents to perform cardiopulmonary
resuscitation in children who have arrested in the community.

For GRADE evaluation of interventions for cardiorespiratory arrest in children, see table, p 17 .

Benefits:

Harms:

Comment:

Training parents to perform cardiopulmonary resuscitation:
We found no systematic review or RCTs on the effects of training parents to perform cardiopulmonary
resuscitation in children who have arrested in the community.

Potential harms include injury resulting from unnecessary chest compression after respiratory arrest
with intact circulation. The systematic review '’ and the observational studies "® ™ discussed
in the option on bystander cardiopulmonary resuscitation gave no information about adverse effects.

Placebo-controlled trials would be considered unethical.

Clinical guide

It is widely accepted that cardiopulmonary resuscitation, including compressions, ventilations, or
both, should be undertaken in children who have arrested, although the evidence remains weak.
On the basis of observational evidence and experience, most clinicians regard bystander cardiopul-
monary resuscitation to be an important intervention in out-of-hospital cardiopulmonary arrest, al-
though the effects of training parents in cardiopulmonary resuscitation are unknown.
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DIRECT CURRENT CARDIAC SHOCK

We found no direct information from RCTs about the use of direct current cardiac shock in children who
have arrested from ventricular fibrillation or pulseless ventricular tachycardia out of hospital.

For GRADE evaluation of interventions for cardiorespiratory arrest in children, see table, p 17 .

Benefits:

Harms:

Comment:

We found no systematic review or RCTs on the use of direct current cardiac shock in children who
have arrested out of hospital.

We found no studies.
Placebo-controlled trials would be considered unethical.

In children with ventricular fibrillation or pulseless ventricular tachycardia

The studies reported in this section do not fulfil the exact inclusion criteria for this overview; how-
ever, the children included do fit into our population of interest because both these rhythms result
in a cessation of 'useful' cardiac mechanical activity (it is disordered such that the state rendered
is one of pulselessness and apnoea — that is, the resultant clinical state is one of cardiorespiratory
arrest).

A population-based observational study (7624 children aged <19 years, including 5323 with non-
cardiac origin) reported an initial rhythm of ventricular fibrillation (VF) or pulseless ventricular
tachycardia (PVT) in 412 (5%) children. In this study, children who received a shock via an auto-
mated external defibrillator (AED) had increased odds of 1-month survival (OR 3.51, 95% CI 1.81
to 6.81) and increased odds of favourable neurological outcome (OR 5.13, 95% CI 2.64 to 9.96).
Children who were defibrillated by the emergency medical service also had increased odds of 1-
month survival (OR 4.01, 95% CI 3.03 to 5.32) and increased odds of favourable neurological
outcome (OR 3.26, 95% CI 2.30 to 4.62). °"

One prospective cohort study (624 children aged <20 years, including 29 children with submersion)
reported an initial rhythm of VF or PVT in 35 (6%) children, of whom 7 (20%) survived to hospital
discharge. Children whose initial rhythm was VF or PVT were statistically more likely to survive to
hospital discharge (survival between children with VF/PVT rhythms compared with asystole or
pulseless electrical activity: OR: 4.78, 95% Cl 1.85 to 12.33; P = 0.0012). ¥

One secondary analysis of a prospective observational study of 217 children who experienced out-
of-hospital arrest of presumed cardiac origin reported use of an AED in 39 patients (21 children
aged 1-8 years, 18 children aged 9-17 years). An initial rhythm that was shockable was documented
in 43 children (15 children aged 1-8 years, 28 children aged 9-17 years). Return of spontaneous
circulation (ROSC) occurred in 13 children aged 1 to 8 years and 25 children aged 9 to 17 years.
Two children aged 1 to 8 years and 14 children aged 9 to 17 years survived to hospital discharge,
with a good neurological outcome in two and nine of the children, respectively. This study reported
no effe[ézst] of AED use on the prevalence of survival in either group, possibly due to the low survival
rates.

One secondary analysis of a prospective observational study of 241 children who experienced in-
hospital and out-of-hospital arrest, including submersion as a diagnosis, reported VF or PVT as
the first documented rhythm in 19 children (10 in hospital, 9 out of hospital), and progression to
VF or PVT in 25 children (12 in hospital, 13 out of hospital). ®® Three of 44 children who received
at least one electric shock (one out-of-hospital arrest) survived at 1 year. Children who had a de-
fibrillation attempt within the first 4 minutes were more likely to achieve ROSC, initial survival, and
final survival than those shocked later, although statistical significance was achieved only for initial
survival (P = 0.03). Those children in whom the initial documented rhythm was VF or PVT were
significantly more likely to experience ROSC (P = 0.025), initial survival (P = 0.005), and final survival
(P =0.073). Children who were treated with an initial shock dose of 2 J/kg or less were more likely
to require more than one shock than those treated with an initial dose higher than 2 J/kg, but there
were no survival differences between these groups. [s6]

One prospective observational study of cardiac arrest in 14 high school athletes treated with AEDs
reported that 13 of 14 students received a shock via the AED, suggesting an initial rhythm of either
VF or ventricular tachycardia (VT). Nine of 13 (69%) athletes who were shocked survived to hospital
discharge. Mean time from arrest to initial cardiopulmonary resuscitation was 1.5 minutes (range
0-5.75 minutes) and mean time from arrest to initial shock deployment was 3.6 minutes (range
0.75-11.5 minutes). No other statistical data were provided, but the study is noteworthy for the
reported high survival rate in those athletes who were treated with shock via the AED. 21]
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One retrospective study (29 children with VF who had arrested out of hospital from a variety of
causes, including submersion) found that, of 27 children who were defibrillated, 11 survived (5 with
no sequelae, 6 with severe disability). The five children with good outcome all received defibrillation
within 10 minutes of arrest (time to defibrillation not given for those who died). Data on the two
children who were not defibrillated were not presented. 57 one retrospective study (13 children
with VF who arrested out of hospital, including one submersion-related arrest) found that, of 13
children given an initial shock (2 J/kg as initial dose) within a median time from arrest of 11 minutes,
defibrillated a total of 14 times, none survived to hospital discharge. (58]

In children with asystole

A secondary analysis of data from a prospective study (241 children, 4 children with submersion
injury) that compared in-hospital and out-of-hospital paediatric cardiopulmonary arrest identified
44/241 (18%) children who received at least one electric shock. In 25 children (12 in hospital and
13 out of hospital), the initial rhythm was non-shockable, but VF or PVT developed during cardiopul-
monary resuscitation attempts ! The study reported that ROSC was achieved in 12/25 (48%),
6/25 (24%) survived initially, but none survived to 1 year. The study found that in these children,
rates of ROSC (P = 0.025), initial survival (P = 0.005), and final survival (P = 0.073) were signifi-
cantly lower than for those children in whom the initial rhythm was shockable. °

One retrospective study in 90 children with asystole (including those who had arrested after sub-
mersion) found that 49 (54%) had received direct current cardiac shock treatment. None of the
chrldren survrved to hospital discharge, regardless of whether direct current cardiac shock was
given. *°" We found one systematic review of observational studies that recorded eIectrocardrogram
rhythm (search date 1997, 1420 children who had arrested outside hospltal) Bradyasystole or
pulseless electrical activity was found in 73%, whereas VF or PVT was found in 10%. The review
found that survival after VF or VT arrest was higher than after asystolic arrest in children. Survival
to discharge reported in the systematic review was 39/802 (5%) for children with initial rhythm
asystole and 29/97 (30%) with initial rhythm ventricular fibrillation or VT.

Clinical guide

Although the evidence for benefit from direct current cardiac shock is weak, there is widespread
consensus that children who arrest outside hospital and are found to have VF or PVT should receive
direct current cardiac shock treatment. There are consensus recommendations from the American
College of Cardiology Evidence-Based Practice Guidelines (2008), which recommend implantable
cardioverter-defibrillator (ICD) implantation in paediatric survivors of cardiac arrest after evaluation,
to define the cause of the event and to exclude any reversible causes, in 20 references pertinent
to the paediatric population (Class 1 Recommendation, Level of Evidence B). t6ol

OPTION STANDARD DOSE INTRAVENOUS ADRENALINE (EPINEPHRINE)

We found no direct information from RCTs about whether intravenous adrenaline at standard dose is better
than no active treatment in establishing return of spontaneous circulation in children who have arrested out

of hospital.

For GRADE evaluation of interventions for cardiorespiratory arrest in children, see table, p 17 .

Benefits:

Harms:

Comment:

Intravenous adrenaline versus placebo:
We found no RCTs in children who have arrested in the community comparing adrenaline with
placebo.

Standard dose versus high dose intravenous adrenaline:
See Benefits of High-dose intravenous adrenaline, p 9 .

We found no RCTs.

Intravenous adrenaline (epinephrine) at 'standard dose' (0.01 mg/kg) is a widely accepted treatment
for establishing return of spontaneous circulation in children who have arrested out of hospital.

We found one systematic review (search date 2013), which identified 14 RCTs evaluating the use
of standard dose adrenaline in the treatment of adults with out-of-hospital cardiopulmonary arrest.
51 Only one RCT (double-blinded) compared standard dose (1 mg) adrenallne to placebo admin-
istered intravenously to 601 adult patients in the pre-hospital settlng AnaIyS|s was by intention
to treat. Subgroup analysis in patients with shockable (46%) or non-shockable (54%) initial rhythm
found no significant difference between standard dose adrenaline and placebo in surwval to hospital
discharge, despite a significantly higher likelihood of return of spontaneous circulation. @ A large,
double- bllnded placebo -controlled trial in adult patients with out-of-hospital cardiopulmonary arrest
is underway It may be challenging to generalise any results from this trial to children, given
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the different pathophysiology and aetiologies of cardiac arrest in adults compared with children,
However, a placebo-controlled trial in children may be considered, depending on the results from
this adult trial.

High dose versus low dose adrenaline
We found one systematic review (search date 2011), which identified one RCT evaluatin% the use
of adrenaline in the treatment of people, including children, in cardiorespiratory arrest. 6

Clinical guide

Despite a lack of direct evidence for its benefit, there is consensus that standard dose (0.01 mg/kg)
adrenaline is the first medication to be used for the management of out-of-hospital cardiopulmonary
arrest in children. Although many clinicians have in the past used high dose (0.1 mg/kg) adrenaline
for second and subsequent doses, there is no satisfactory evidence of any benefit in improving
survival and weak evidence for a trend towards worse neurological outcomes with its use. Further
RCTs would be feasible but would need to be undertaken in larger numbers of children, with con-
sistent outcomes measured in accordance with Utstein guidelines.

OPTION HIGH DOSE INTRAVENOUS ADRENALINE AT HIGH DOSE (COMPARED WITH STANDARD
DOSE)
Mortality

High dose adrenaline compared with standard dose adrenaline We don't know how high dose adrenaline and standard
dose adrenaline compare at increasing survival rates to hospital discharge in children who have experienced out-of-
hospital cardiac arrest (very low-quality evidence).

Return of spontaneous circulation

High dose adrenaline compared with standard dose adrenaline We don't know how high dose adrenaline and standard
dose adrenaline compare at improving return to spontaneous circulation in children who have experienced out-of-
hospital cardiac arrest (very low-quality evidence).

Neurological outcomes

High dose adrenaline compared with standard dose adrenaline We don't know how high dose adrenaline and standard
dose adrenaline compare at improving neurological outcomes in children who have experienced out-of-hospital
cardiac arrest (very low-quality evidence).

Note
We found no direct information from RCTs about whether intravenous adrenaline is better than no active treatment
in establishing spontaneous circulation in children who have experienced cardiac arrest out of hospital.

For GRADE evaluation of interventions for cardiorespiratory arrest in children, see table, p 17 .

Benefits: High dose versus standard dose intravenous adrenaline:
We found one systematic review (search date 2011), which identified one RCT evaluating the use
of adrenaline in the treatment of people, including children, in cardiorespiratory arrest. 64 The
RCT (multi-centre, non-blinded) included 213 people aged up to 22 years (mean age 33.7 months)
with out-of-hospital cardiopulmonary arrest from various causes, including submersion). 1 The
RCT compared high dose (0.1 mg/kg for the first dose; 0.2 mg/kg for subsequent doses) with
standard dose (0.01 mg/kg for the first dose; 0.02 mg/kg for subsequent doses) adrenaline admin-
istered intravenously, intraosseously, or endotracheally; all doses administered via the endotracheal
route were doubled. ©* Analysis was by intention to treat. Subgroup analysis in people with either
medical (72%) or traumatic (28%) aetiology of arrest found no significant difference between high
dose and standard dose adrenaline in return of spontaneous circulation, survival to 24 hours, or
survival to hospital discharge. [65) Subgroup analysis, excluding children with sudden infant death
syndrome, found no significant difference in outcomes between high and standard doses. t65]
However, caution should be used when interpreting these results because of methodological limi-
tations of the RCT. It was not adequately powered to demonstrate any significant effect convincingly,
because it was stopped after a change in waiver of informed consent legislation before it achieved
the calculated sample size of 240. There was possible enrolment bias towards high dose adrenaline,
because the study protocol was modified after revision of the paediatric advanced life support
guidelines, allowing for higher doses of adrenaline to be used in people requiring multiple doses.
The randomisation method was not consistent across all centres, although a biased randomisation
process could not be demonstrated.

Harms: The RCT ' gave no information about adverse effects of treatment.

© BMJ Publishing Group Ltd 2015. All rights reserved. 9



Comment: High dose versus low dose adrenaline

We found one prospective cohort study (283 children, containing subgroup analysis of 87 children
given at least one dose of adrenaline: 11 children given 0.01 mg/kg; 76 children given 0.01 mg/kg
for the first dose and 0.1 mg/kg for subsequent doses) that reported no significant difference between
the high dose and standard dose groups in return of spontaneous circulation, survival to hospital
discharge, or survival at 1 year. 5T Mean age and weight at baseline were significantly higher in
the standard dose group than in the high dose group (mean age: 97.1 months with standard dose
v 29.9 months with high dose; P = 0.03; mean weight: 24.7 kg with standard dose v 11.9 kg with
high dose; P = 0.037).

We also found two small retrospective observational studies (128 children), which found no signif-
icant difference in rates of survival to hospital discharge between low or single dose and high or
multiple dose adrenaline, although these studies may have been too small to detect a significant
difference. ™ ™ In all, one RCT and three small observational studies (1 prospective, 2 retrospec-
tive) found no evidence of a difference in return of spontaneous circulation, survival to hospital
discharge, or neurological outcome between standard dose and high dose adrenaline, although
the study sample sizes were all too small to detect a significant difference. ” ™ 1 On the basis
of two in-hospital ®” ¥ and two out-of-hospital ® ™ paediatric studies demonstrating no im-
provement in survival rates and trends towards worse neurological outcome for the high dose
adrenaline group, the 2010 International Liaison Committee consensus statement recommended
against routine use of high dose adrenaline. % The 2015 ILCOR statement states only that it is
reasonable to use standard dose adrenaline. **

Clinical guide

Despite a lack of direct evidence for its benefit, there is consensus that standard dose (0.01 mg/kg)
adrenaline is the first medication to be used for the management of out-of-hospital cardiopulmonary
arrest in children. Although many clinicians have in the past used high dose (0.1 mg/kg) adrenaline
for second and subsequent doses, there is no satisfactory evidence of any benefit in improving
survival and weak evidence for a trend towards worse neurological outcomes with its use. Further
RCTs would be feasible, but would need to be undertaken in larger numbers of children, with
consistent outcomes measured in accordance with Utstein guidelines.

OPTION INTRAVENOUS SODIUM BICARBONATE

We found no direct information from RCTs about the effects of intravenous sodium bicarbonate in children
who have arrested in the community.

For GRADE evaluation of interventions for cardiorespiratory arrest in children, see table, p 17 .

Benefits: We found no systematic review or RCTs of sufficient quality.
Harms: We found no studies.
Comment: Sodium bicarbonate is widely believed to be effective in arrest associated with hyperkalaemic

ventricular tachycardia or fibrillation, but we found no prospective evidence supporting this.
OPTION INTUBATION VERSUS BAG-MASK VENTILATION

We found no direct information from RCTs about the effects of intubation compared with bag-mask ventilation
in children who have experienced cardiac arrest in the community.

Note
It is essential to establish arapid airway and effectively manage ventilation by whatever method is appropriate
or feasible in each individual circumstance.

For GRADE evaluation of interventions for cardiorespiratory arrest in children, see table, p 17 .

Benefits: We found one systematic review (search date 2007, 3 trials) of out-of-hospital emergency intubation.
"1 To of the trials identified by the review included adult populations only and, therefore, will not
be reported further here. The third study identified by the review was a non-randomised control
trial, which, as such, does not meet BMJ Clinical Evidence inclusion criteria. The results of the trial
are discussed in the Comment section.

Harms: We found no studies.

Comment: The non-randomised study (830 children aged 12 years or younger requiring airway management
in the community, including 589 [71%] children who had non-traumatic out-of-hospital cardiac arrest,
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98 [12%] of whom suffered arrest after submersion) compared bag-mask ventilation (with endotra-
cheal intubation performed later by an emergency department physician) with endotracheal intubation
by paramedic staff trained in both techniques. Outcome measures included primary outcomes of
mortality and degree of disability at discharge from hospital. " The trial found no significant differ-
ence in rates of survival or good neurological outcome (normal, mild deficit, or no change from
baseline function) between the two treatment groups (survival: 123/404 [30%] with bag-mask
ventilation v 110/416 [26%)] with intubation; OR 0.82, 95% CI 0.61 to 1.11; good neurological out-
come: 92/404 L23%] with bag-mask ventilation v 85/416 [20%] with intubation; OR 0.87, 95% CI
0.62 to 1.22). " The trial did not report on the frequency of cardiorespiratory arrest compared
with that of respiratory arrest. Analysis was by intention to treat. Intubation and bag-mask ventilation
were not mutually exclusive in the trial. The trial protocol allowed bag-mask ventilation before intu-
bation and after unsuccessful intubation. Of children allocated to intubation, 115/420 (27%) received
bag-mask ventilation before intubation, 128/420 (30%) received bag-mask ventilation after attempted
intubation, 4/420 (1%) were lost to follow-up, and the remaining 177/420 (42%) received intubation
that was believed to be successful. Of 410 children allocated to bag-mask ventilation, 10 (2%)
children were intubated successfully (although in violation of study protocol), 9 (2%) received bag-
mask ventilation after attempted intubation, 6 (1.5%) were lost to follow-up, and the remainder re-
ceived bag-mask ventilation in accordance with study protocol. 1

The paediatric trial identified by the review "% found that the time spent at the scene of the arrest
was longer when intubation was intended, and this was the only significant determinant of a longer
total time from dispatch of paramedic team to arrival at hospital (mean time at scene: 9 minutes
with bag-mask v 11 minutes with intubation; P <0.001; mean total time: 20 minutes with bag-mask
v 23 minutes with intubation; P <0.001). (1] However, it found no significant difference between
bag-mask ventilation and intubation in complications (complications in 727 children for whom data
were available: gastric distension: 31% with bag-mask v 7% with intubation; P = 0.20; vomiting:
14% with bag-mask v 14% with intubation; P = 0.82; aspiration: 14% with bag-mask v 15% with
intubation; P = 0.84; oral or airway trauma: 1% with bag-mask v 2% with intubation; P = 0.24). A
total of 186 children across both treatment groups were considered by paramedic staff to be suc-
cessfully intubated. Of these, oesophageal intubation occurred in three children (2%); the tube
became dislodged in 27 children (14%; unrecognised in 12 children, recognised in 15); right main
bronchus intubation occurred in 33 children (18%); and an incorrect size of tube was used in 44
children (24%). Death occurred in all but one of the children with oesophageal intubation or un-
recognised dislodging of the tube. "

The authors of the systematic review concluded that there is no sufficient evidence base to extend
the practice of pre-hospital intubation in urban systems. fral

Clinical guide

In choosing between bag-mask ventilation and intubation, different factors need to be considered,
such as the skill set of the emergency medical personnel attending the scene, distance and time
away from the closest hospital with paediatric expertise, and the mode of transport to hospital.
Healthcare professionals with little experience of intubation may be reassured to know that we
found no evidence to suggest that intubation was better than bag-mask ventilation for improving
survival or neurological outcomes following cardiorespiratory arrest in the community. The most
important factors are the rapid establishment of an airway and effective management of ventilation,
by whatever method is most appropriate or feasible in each individual circumstance.

OPTION TARGETED TEMPERATURE MANAGEMENT AFTER OUT-OF-HOSPITAL ARREST

We found no direct information from RCTs about the effects of targeted temperature management (induced
hypothermia or therapeutic normothermia) after out-of-hospital cardiac arrest in children.

For GRADE evaluation of interventions for cardiorespiratory arrest in children, see table,p 17 .

Benefits:

Harms:

Comment:

We found two systematic reviews (search dates 2011; " and 2011 "), neither of which found
any RCTs assessing the effects of targeted temperature management (induced hypothermia or
therapeutic normothermia) on out-of-hospital cardiac arrest in children.

We found no studies.

Animal models of cardiac arrest have indicated that hypothermia may be beneficial to the injured
brain. " " "% Ty RCTs of induced hypothermia (temperature 32—34°C) in a highly selected
population of adults following out-of-hospital cardiac arrest due to ventricular fibrillation found in-
creased survival and good neurological outcomes. """ ¥ The rates of sepsis, pneumonia,
bleeding, arrhythmias, and hyperglycaemia were higher in adults receiving hypothermia, but these
differences were not significant. Lower heart rates and increased systemic vascular resistance
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were also identified in the hypothermia groups, but these differences were also not significant.
Subsequently, one large international multicentre RCT of targeted temperature management in
950 adults after out-of-hospital cardiac arrest found no difference in survival or survival with good
neurological outcomes. v

RCT published after search date

Prior to publication of this update, but after our search date, one study published the results of a
large, multi-centre randomised controlled trial comparing two targeted temperature interventions
(therapeutic hypothermia at a target temperature of 33.0°C v therapeutic normothermia at a target
temperature of 36.8°C) in children who remained unconscious after out-of-hospital cardiac arrest.
59" A total of 275 patients admitted to 38 children's hospitals were randomised within 6 hours of
return of spontaneous circulation and treated for 120 hours. The results indicated no significant
differences in survival with good neurobehavioural outcome at 12 months' follow-up (20% with
therapeutic hypothermia v 12% with normothermia; P = 0.14). The authors concluded that thera-
peutic hypothermia does not confer any benefit in survival with good functional outcome in children
who remain comatose after out-of-hospital cardiac arrest. However, it is important to note that active
temperature management was necessary in both groups.

Clinical guide

There is still some uncertainty about the use of induced hypothermia in children who have arrested
out of hospital. @ 9 Although there is no strong evidence to support the use of induced hypother-
mia to below normal body temperature in children with out-of-hospital cardiopulmonary arrest,
avoidance of hyperthermia is likely beneficial and targeted temperature management to achieve
normothermia is recommended. *°

Asystole The absence of cardiac electrical activity.

Bradyasystole Bradycardia clinically indistinguishable from asystole.

Initial rhythm asystole The absence of cardiac electrical activity at initial determination.

Initial rhythm ventricular fibrillation Electrical rhythm is ventricular fibrillation at initial determination.

Pulseless arrest Absence of palpable pulse, following cardiorespiratory arrest.

Pulseless electrical activity The presence of cardiac electrical activity in the absence of a palpable pulse.
Pulseless ventricular tachycardia Electrical rhythm of ventricular tachycardia in the absence of a palpable pulse.
Respiratory arrest Absence of respiratory activity.

Sudden infant death syndrome The sudden unexpected death of a child, usually between the ages of 1 month
and 1 year, for which a thorough postmortem examination does not define an adequate cause of death. Near miss
sudden infant death syndrome refers to survival of a child after an unexpected arrest of unknown cause.

Paediatric Utstein style Uniform guidelines for reporting paediatric resuscitation data, based on recommended
guidelines for adult out-of-hospital cardiac arrest developed at the Utstein conference in 1991. 5

Very low-quality evidence Any estimate of effect is very uncertain.

High dose intravenous adrenaline (compared with standard dose) One systematic review added. (64 Categori-
sation unchanged (unknown effectiveness).

Targeted temperature management after out-of-hospital arrest Two systematic reviews added. 721171 ope
RCT in adults " and one RCT published after the search date of this review 5 were added to Comment section.
Categorisation unchanged (unknown effectiveness).

Bystander cardiopulmonary resuscitation Three studies were added to the Comment section. B2 B3 Evidence
re-evaluated. Categorisation unchanged (likely to be beneficial).

Direct current cardiac shock Three studies were added to the Comment section. ™ *° ¢ Eyidence re-evalu-
ated. Categorisation unchanged (likely to be beneficial).

Standard dose intravenous adrenaline (epinephrine) One systematic review added to the Comment section. [54)

Evidence re-evaluated. Categorisation unchanged (likely to be beneficial).

1. Cummins RO, Chamberlain DA, Abramson NS, et al. Recommended guidelines cular care. Part 14: Pediatric advanced life support. Circulation 2010;122(18

for uniform reporting of data from out-of-hospital cardiac arrest: the Utstein style. Suppl 3):S876-S908.[PubMed]

Ann Emerg Med 1991;20:861-874.[PubMed] 3. Broides A, Sofer S, Press J. Outcome of "out of hospital” cardiopulmonary arrest
2. Kleinman ME, Chameides L, Schexnayder SM, et al. 2010 American Heart As- in children admitted to the emergency room. Isr Med Assoc J

sociation guidelines for cardiopulmonary resuscitation and emergency cardiovas- 2000;2:672—674.[PubMed]

© BMJ Publishing Group Ltd 2015. All rights reserved. 12


http://www.ncbi.nlm.nih.gov/pubmed/1854070
http://www.ncbi.nlm.nih.gov/pubmed/20956230
http://www.ncbi.nlm.nih.gov/pubmed/11062766

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Eisenberg M, Bergner L, Hallstrom A. Epidemiology of cardiac arrest and resus-
citation in children. Ann Emerg Med 1983;12:672-674.[PubMed]

Applebaum D, Slater PE. Should the Mobile Intensive Care Unit respond to pe-
diatric emergencies? Clin Pediatr (Phila) 1986;25:620-623.[PubMed]

Tsai A, Kallsen G. Epidemiology of pediatric prehospital care. Ann Emerg Med
1987;16:284-292.[PubMed)]

Thompson JE, Bonner B, Lower GM Jr. Pediatric cardiopulmonary arrests in rural
populations. Pediatrics 1990;86:302—-306.[PubMed]

Safranek DJ, Eisenberg MS, Larsen MP. The epidemiology of cardiac arrest in
young adults. Ann Emerg Med 1992;21:1102-1106.[PubMed]

Dieckmann RA, Vardis R. High-dose epinephrine in pediatric out of hospital car-
diopulmonary arrest. Pediatrics 1995;95:901-913.[PubMed]

Kuisma M, Suominen P, Korpela R. Paediatric out of hospital cardiac arrests —
epidemiology and outcome. Resuscitation 1995;30:141-150.[PubMed]

Ronco R, King W, Donley DK, et al. Outcome and cost at a children s hospital
following resuscitation for out-of-hospital cardiopulmonary arrest. Arch Pediatr
Adolesc Med 1995;149:210-214.[PubMed]

Sirbaugh PE, Pepe PE, Shook JE, et al. A prospective, population-based study
of the demographics, epidemiology, management, and outcome of out-of-hospital
pediatric cardiopulmonary arrest. Ann Emerg Med 1999;33:174-184.[PubMed]
Friesen RM, Duncan P, Tweed WA, et al. Appraisal of pediatric cardiopulmonary
resuscitation. Can Med Assoc J 1982;126:1055-1058.[PubMed]

Hu SC. Out of hospital cardiac arrest in an Oriental metropolitan city. Am J Emerg
Med 1994;12:491-494.[PubMed]

Young KD, Gausche-Hill M, McClung CD, et al. A prospective, population-based
study of the epidemiology and outcome of out-of-hospital pediatric cardiopul-
monary arrest. Pediatrics 2004;114:157-164.[PubMed]

Hassan TB. Use and effect of paediatric advanced life support skills for paediatric
arrest in the A & E department. J Accid Emerg Med 1997;14:357-362.[PubMed]
Gerein RB, Osmond MH, Stiell IG, et al. What are the etiology and epidemiology
of out-of-hospital pediatric cardiopulmonary arrest in Ontario, Canada? Acad
Emerg Med 2006;13:653-658.[PubMed]

Atkins DL, Everson-Stewart S, Sears GK, et al. Epidemiology and outcomes from
out-of-hospital cardiac arrest in children: the Resuscitation Outcomes Consortium
Epistry-Cardiac Arrest. Circulation 2009;119:1484—1491.[PubMed]

Lotfi K, White L, Rea T, et al. Cardiac arrest in schools. Circulation
2007;116:1374-1379.[PubMed)]

Fraga-Sastrias JM, Asensio-Lafuente E, Martinez R, et al. Out-of-hospital cardiac
arrest: first documented experience in a Mexican urban setting. Prehosp Disaster
Med 2009;24:121-125.[PubMed]

Drezner JA, Rao AL, Heistand J, et al. Effectiveness of emergency response
planning for sudden cardiac arrest in United States high schools with automated
external defibrillators. Circulation 2009;120:518-525.[PubMed]

Bray JE, Di Palma S, Jacobs |, et al. Trends in the incidence of presumed cardiac
out-of-hospital cardiac arrest in Perth, Western Australia, 1997-2010. Resuscita-
tion 2014,;85:757-761.[PubMed]

Chen CY, Lin YR, Zhao LL, et al. Epidemiology and outcome analysis of children
with traumatic out-of-hospital cardiac arrest compared to nontraumatic cardiac
arrest. Pediatr Surg Int 2013;29:471-477.[PubMed]

Bardai A, Berdowski J, van der Werf C,et al. Incidence, causes, and outcomes
of out-of-hospital cardiac arrest in children. A comprehensive, prospective, pop-
ulation-based study in the Netherlands. J Am Coll Cardiol
2011;57:1822-1828.[PubMed]

Deasy C, Bernard SA, Cameron P, et al. Epidemiology of paediatric out-of-hos-
pital cardiac arrest in Melbourne, Australia. Resuscitation
2010;81:1095-1100.[PubMed]

Foltin GL, Richmond N, Treiber M, et al. Pediatric prehospital evaluation of NYC
cardiac arrest survival (PHENYCS). Pediatr Emerg Care
2012;28:864-868.[PubMed]

Schindler MB, Bohn D, Cox PN, et al. Outcome of out of hospital cardiac or res-
piratory arrest in children. N Engl J Med 1996;335:1473-1479.[PubMed]
Barzilay Z, Somekh E, Sagy M, et al. Pediatric cardiopulmonary resuscitation
outcome. J Med 1988;19:229-241.[PubMed]

Bhende MS, Thompson AE. Evaluation of an end-tidal CO» detector during pe-
diatric cardiopulmonary resuscitation. Pediatrics 1995;95:395-399.[PubMed]

Brunette DD, Fischer R. Intravascular access in pediatric cardiac arrest. Am J
Emerg Med 1988;6:577-579.[PubMed]

Clinton JE, McGill J, Irwin G, et al. Cardiac arrest under age 40: etiology and
prognosis. Ann Emerg Med 1984;13:1011-1015.[PubMed]

Hazinski MF, Chahine AA, Holcomb GW, et al. Outcome of cardiovascular col-
lapse in pediatric blunt trauma. Ann Emerg Med 1994;23:1229-1235.[PubMed]
Losek JD, Hennes H, Glaeser P, et al. Prehospital care of the pulseless, non-
breathing pediatric patient. Am J Emerg Med 1987;5:370-374.[PubMed]

Ludwig S, Kettrick RG, Parker M. Pediatric cardiopulmonary resuscitation. A re-
view of 130 cases. Clin Pediatr (Phila) 1984;23:71-75.[PubMed]

Nichols DG, Kettrick RG, Swedlow DB, et al. Factors influencing outcome of
cardiopulmonary resuscitation in children. Pediatr Emerg Care
1986;2:1-5.[PubMed]

O Rourke PP. Outcome of children who are apneic and pulseless in the emer-
gency room. Crit Care Med 1986;14:466—-468.[PubMed]

Rosenberg NM. Pediatric cardiopulmonary arrest in the emergency department.
Am J Emerg Med 1984;2:497-499.[PubMed]

Sheikh A, Brogan T. Outcome and cost of open- and closed-chest cardiopul-
monary resuscitation in pediatric cardiac arrests. Pediatrics
1994;93:392-398.[PubMed]

Suominen P, Rasanen J, Kivioja A. Efficacy of cardiopulmonary resuscitation in
pulseless paediatric trauma patients. Resuscitation 1998;36:9-13.[PubMed]
Suominen P, Korpela R, Kuisma M, et al. Paediatric cardiac arrest and resusci-
tation provided by physician-staffed emergency care units. Acta Anaesthesiol
Scand 1997;41:260-265.[PubMed]

© BMJ Publishing Group Ltd 2015. All rights reserved.

41.

42,

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Torphy DE, Minter MG, Thompson BM. Cardiorespiratory arrest and resuscitation
of children. Am J Dis Child 1984;138:1099-1102.[PubMed]

Walsh R. Outcome of pre-hospital CPR in the pediatric trauma patient. Crit Care
Med 1994;22:A162.

Tham LP, Chan I. Paediatric out-of-hospital arrests: epidemiology and outcome.
Singapore Med J 2005;46:289-296.[PubMed)]

Ong ME, Stiell I, Osmond MH, et al. Etiology of pediatric out-of-hospital cardiac
arrest by coroner's diagnosis. Resuscitation 2006;68:335-342.[PubMed]
Donoghue AJ, Nadkarni V, Berg RA, et al. Out-of-hospital pediatric cardiac arrest:
an epidemiologic review and assessment of current knowledge. Ann Emerg Med
2005;46:512-522.[PubMed]

Lin YR, Wu HP, Chen WL, et al. Predictors of survival and neurologic outcomes
in children with traumatic out-of-hospital cardiac arrest during the early postre-
suscitative period. J Trauma Acute Care Surg 2013;75:439-447.[PubMed)]

Enright K, Turner C, Roberts P, et al. Primary cardiac arrest following sport or
exertion in children presenting to an emergency department: chest compressions
and early defibrillation can save lives, but is intravenous epinephrine always ap-
propriate? Pediatr Emerg Care 2012;28:336-339.[PubMed]

Young KD, Seidel JS. Pediatric cardiopulmonary resuscitation: a collective review.
Ann Emerg Med 1999;33:195-205.[PubMed]

Moler FW, Meert K, Donaldson AE, et al; Pediatric Emergency Care Applied
Research Network. In-hospital versus out-of-hospital pediatric cardiac arrest: a
multicenter cohort study. Crit Care Med 2009;37:2259-2267.[PubMed)]

Michiels EA, Dumas F, Quan L, et al. Long-term outcomes following pediatric
out-of-hospital cardiac arrest. Pediatr Crit Care Med 2013;14:755-760.[PubMed]

Akahane M, Tanabe S, Ogawa T, et al. Characteristics and outcomes of pediatric
out-of-hospital cardiac arrest by scholastic age category. Pediatr Crit Care Med
2013;14:130-136.[PubMed]

Akahane M, Ogawa T, Tanabe S, et al. Impact of telephone dispatcher assistance
on the outcomes of pediatric out-of-hospital cardiac arrest. Crit Care Med
2012;40:1410-1416.[PubMed]

Goto Y, Maeda T, Goto Y. Impact of dispatcher-assisted bystander cardiopul-
monary resuscitation on neurological outcomes in children with out-of-hospital
cardiac arrests: a prospective, nationwide, population-based cohort study. J Am
Heart Assoc 2014;3:e000499.[PubMed]

de Caen AR, Maconochie IK, Aickin R, et al; Paediatric Basic and Advanced Life
Support Chapter Collaborators. Part 6: paediatric basic and advanced life support.
2015 International consensus on cardiopulmonary resuscitation and emergency
cardiovascular care science with treatment recommendations. Circulation
2015;132:S177-203.[PubMed]

Johnson MA, Grahan BJ, Haukoos JS, et al. Demographics, bystander CPR and
AED use in out-of-hospital pediatric arrests. Resuscitation
2014;85:920-926.[PubMed]

Rodriguez-NUfiez A, Lépez-Herce J, Garcia C, et al; Spanish Study Group of
Cardiopulmonary Arrest in Children. Pediatric defibrillation after cardiac arrest:
initial response and outcome. Crit Care 2006;10:R113.[PubMed]

Mogayzel C, Quan L, Graves JR, et al. Out-of-hospital ventricular fibrillation in
children and adolescents: causes and outcomes. Ann Emerg Med
1995;25:484-491.[PubMed)]

Berg MD, Samson RA, Meyer RJ, et al. Pediatric defibrillation doses often fail to
terminate out-of-hospital ventricular fibrillation in children. Resuscitation
2005;67:63-67.[PubMed]

Losek JD, Hennes H, Glaeser PW, et al. Prehospital countershock treatment of
pediatric asystole. Am J Emerg Med 1989;7:571-575.[PubMed]

Epstein AE, DiMarco JP, Ellenbogen KA, et al. ACC/AHA/HRS 2008 guidelines
for device-based therapy of cardiac rhythm abnormalities. J Am Coll Cardiol
2008;51:e1-e62.[PubMed]

Lin S, Callaway CW, Shah PS, et al. Adrenaline for out-of-hospital cardiac arrest
resuscitation: a systematic review and meta-analysis of randomized controlled
trials. Resuscitation 2014;85:732-740.[PubMed]

Jacobs IG, Finn JC, Jelinek GA, et al. Effect of adrenaline on survival in out-of-
hospital cardiac arrest: a randomized double-blind placebo-controlled trial. Re-
suscitation 2011;82:1138-1143.[PubMed]

BioMed Central ISRCTN Registry. PARAMEDIC 2: the adrenaline trial. 7 Jan
2015. Available at http://www.isrctn.com/ISRCTN73485024 (last accessed 23
November 2015).

Larabee TM, Liu KY, Campbell JA, et al. Vasopressors in cardiac arrest: a sys-
tematic review. Resuscitation 2012;83:932—939.[PubMed]

Patterson MD, Boenning DA, Klein BL, et al. The use of high-dose epinephrine
for patients with out-of-hospital cardiopulmonary arrest refractory to prehospital
interventions. Pediatr Emerg Care 2005;21:227-237.[PubMed]

Rodriguez Nufiez A, Garcia C, Lépez-Herce Cid J. Is high-dose epinephrine
justified in cardiorespiratory arrest in children? An Pediatr (Barc) 2005;62:113-116.
[In Spanish][PubMed]

Carpenter TC, Stenmark KR. High-dose epinephrine is not superior to standard-
dose epinephrine in pediatric in-hospital cardiopulmonary arrest. Pediatrics
1997;99:403-408.[PubMed]

Perondi MB, Reis AG, Paiva EF, et al. A comparison of high-dose and standard-
dose epinephrine in children with cardiac arrest. N Eng J Med
2004;350:1722-1730.[PubMed]

de Caen AR, Kleinman ME, Chameides L, et al; Paediatric Basic and Advanced
Life Support Chapter Collaborators. Part 10: Paediatric basic and advanced life
support: 2010 International Consensus on Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care Science with Treatment Recommendations.
Resuscitation 2010;81 Suppl 1:e213-e259.[PubMed]

Lecky F, Bryden D, Littlle R et al. Emergency intubation for acutely ill and injured
patients. In: The Cochrane Library, Issue 11, 2014. Chichester, UK: John Wiley
& Sons, Ltd. Search date 2007.

Gausche M, Lewis RJ, Stratton SJ, et al. Effect of out of hospital pediatric endo-
tracheal intubation on survival and neurological outcome. JAMA
2000;283:783-790.[PubMed]

13


http://www.ncbi.nlm.nih.gov/pubmed/6638628
http://www.ncbi.nlm.nih.gov/pubmed/3780118
http://www.ncbi.nlm.nih.gov/pubmed/3813162
http://www.ncbi.nlm.nih.gov/pubmed/2371107
http://www.ncbi.nlm.nih.gov/pubmed/1514721
http://www.ncbi.nlm.nih.gov/pubmed/7761219
http://www.ncbi.nlm.nih.gov/pubmed/8560103
http://www.ncbi.nlm.nih.gov/pubmed/7849887
http://www.ncbi.nlm.nih.gov/pubmed/9922413
http://www.ncbi.nlm.nih.gov/pubmed/7042063
http://www.ncbi.nlm.nih.gov/pubmed/8031443
http://www.ncbi.nlm.nih.gov/pubmed/15231922
http://www.ncbi.nlm.nih.gov/pubmed/9413773
http://www.ncbi.nlm.nih.gov/pubmed/16670256
http://www.ncbi.nlm.nih.gov/pubmed/19273724
http://www.ncbi.nlm.nih.gov/pubmed/17724258
http://www.ncbi.nlm.nih.gov/pubmed/19591305
http://www.ncbi.nlm.nih.gov/pubmed/19635968
http://www.ncbi.nlm.nih.gov/pubmed/24582740
http://www.ncbi.nlm.nih.gov/pubmed/23543076
http://www.ncbi.nlm.nih.gov/pubmed/21527156
http://www.ncbi.nlm.nih.gov/pubmed/20627518
http://www.ncbi.nlm.nih.gov/pubmed/22929131
http://www.ncbi.nlm.nih.gov/pubmed/8890097
http://www.ncbi.nlm.nih.gov/pubmed/3183534
http://www.ncbi.nlm.nih.gov/pubmed/7862479
http://www.ncbi.nlm.nih.gov/pubmed/3178949
http://www.ncbi.nlm.nih.gov/pubmed/6486535
http://www.ncbi.nlm.nih.gov/pubmed/8198295
http://www.ncbi.nlm.nih.gov/pubmed/3620034
http://www.ncbi.nlm.nih.gov/pubmed/6692638
http://www.ncbi.nlm.nih.gov/pubmed/3774565
http://www.ncbi.nlm.nih.gov/pubmed/3698611
http://www.ncbi.nlm.nih.gov/pubmed/6529461
http://www.ncbi.nlm.nih.gov/pubmed/8115198
http://www.ncbi.nlm.nih.gov/pubmed/9547837
http://www.ncbi.nlm.nih.gov/pubmed/9062611
http://www.ncbi.nlm.nih.gov/pubmed/6507391
http://www.ncbi.nlm.nih.gov/pubmed/15902357
http://www.ncbi.nlm.nih.gov/pubmed/16455177
http://www.ncbi.nlm.nih.gov/pubmed/16308066
http://www.ncbi.nlm.nih.gov/pubmed/24089114
http://www.ncbi.nlm.nih.gov/pubmed/22453726
http://www.ncbi.nlm.nih.gov/pubmed/9922416
http://www.ncbi.nlm.nih.gov/pubmed/19455024
http://www.ncbi.nlm.nih.gov/pubmed/23925145
http://www.ncbi.nlm.nih.gov/pubmed/23314182
http://www.ncbi.nlm.nih.gov/pubmed/22430245
http://www.ncbi.nlm.nih.gov/pubmed/24785780
http://www.ncbi.nlm.nih.gov/pubmed/26472853
http://www.ncbi.nlm.nih.gov/pubmed/24681302
http://www.ncbi.nlm.nih.gov/pubmed/16882339
http://www.ncbi.nlm.nih.gov/pubmed/7710153
http://www.ncbi.nlm.nih.gov/pubmed/16199288
http://www.ncbi.nlm.nih.gov/pubmed/2679575
http://www.ncbi.nlm.nih.gov/pubmed/18498951
http://www.ncbi.nlm.nih.gov/pubmed/24642404
http://www.ncbi.nlm.nih.gov/pubmed/21745533
http://www.ncbi.nlm.nih.gov/pubmed/22425731
http://www.ncbi.nlm.nih.gov/pubmed/15824681
http://www.ncbi.nlm.nih.gov/pubmed/15701305
http://www.ncbi.nlm.nih.gov/pubmed/9041296
http://www.ncbi.nlm.nih.gov/pubmed/15102998
http://www.ncbi.nlm.nih.gov/pubmed/20956041
http://www.ncbi.nlm.nih.gov/pubmed/10683058

72.
73.

74.

75.

Disclaimer

Scholefield B, Duncan H, Davies P, et al. Hypothermia for neuroprotection in
children after cardiopulmonary arrest. In: The Cochrane Library, Issue 11, 2014.
Chichester, UK: John Wiley & Sons, Ltd. Search date 2011.

Xiao G, Guo Q, Shu M, et al. Safety profile and outcome of mild therapeutic hy-
pothermia in patients following cardiac arrest: systematic review and meta-anal-
ysis. Emerg Med J 2013;30:91-100.[PubMed]

Hicks SD, DeFranco DB, Callaway CW. Hypothermia during reperfusion after
asphyxial cardiac arrest improves function recovery and selectively alters stress-
induced protein expression. J Cereb Blood Flow Metab
2000;20:520-530.[PubMed]

D'Cruz BJ, Fertig KC, Filiano AJ, et al. Hypothermic reperfusion after cardiac
arrest augments brain-derived neurotrophic factor activation. J Cereb Blood Flow
Metab 2002;22:848-851.[PubMed]

76. Sterz F, Safar P, Tisherman S, et al. Mild hypothermic cardiopulmonary resusci-
tation improves outcome after prolonged cardiac arrest in dogs. Crit Care Med
1991;19:379-389.[PubMed]

77. Bernard SA, Gray TW, Buist MD, et al. Treatment of comatose survivors of out-
of-hospital cardiac arrest with induced hypothermia. N Engl J Med
2002;346:557-563.[PubMed]

78. The Hypothermia after Cardiac Arrest Study Group. Mild therapeutic hypothermia
to improve the neurological outcome after cardiac arrest. N Engl J Med
2002;346:549-556.[PubMed]

79. Nielsen N, Wetterslev J, Cronberg T, et al. Targeted temperature management
at 33°C versus 36°C after cardiac arrest. N Engl J Med
2013;369:2197-2206.[PubMed]

80. Moler FW, Silverstein FS, Holubkov R, et al; THAPCA Trial Investigators. Thera-
peutic hypothermia after out-of-hospital cardiac arrest in children. N Engl J Med
2015;372:1898-1908.[PubMed]

Kristina Krmpotic

Assistant Professor, Paediatric Critical Care

Memorial University of Newfoundland Faculty of Medicine
Janeway Children's Health and Rehabilitation Centre

St. John's, Newfoundland and Labrador

Canada

Hilary Writer

Assistant Professor, Paediatric Critical Care
University of Ottawa Faculty of Medicine
Children's Hospital of Eastern Ontario
Ottawa, Ontario

Canada

Competing interests: KK and HW declare that they have no competing interests.

The authors would like to acknowledge the previous contributor to this overview, David Creery.

The information contained in this publication is intended for medical professionals. Categories presented in Clinical Evidence indicate a
judgement about the strength of the evidence available to our contributors prior to publication and the relevant importance of benefit and
harms. We rely on our contributors to confirm the accuracy of the information presented and to adhere to describe accepted practices.
Readers should be aware that professionals in the field may have different opinions. Because of this and regular advances in medical research
we strongly recommend that readers' independently verify specified treatments and drugs including manufacturers' guidance. Also, the
categories do not indicate whether a particular treatment is generally appropriate or whether it is suitable for a particular individual. Ultimately
it is the readers' responsibility to make their own professional judgements, so to appropriately advise and treat their patients. To the fullest
extent permitted by law, BMJ Publishing Group Limited and its editors are not responsible for any losses, injury or damage caused to any
person or property (including under contract, by negligence, products liability or otherwise) whether they be direct or indirect, special, inci-
dental or consequential, resulting from the application of the information in this publication.

© BMJ Publishing Group Ltd 2015. All rights reserved.

14


http://www.ncbi.nlm.nih.gov/pubmed/22660549
http://www.ncbi.nlm.nih.gov/pubmed/10724117
http://www.ncbi.nlm.nih.gov/pubmed/12142569
http://www.ncbi.nlm.nih.gov/pubmed/1999100
http://www.ncbi.nlm.nih.gov/pubmed/11856794
http://www.ncbi.nlm.nih.gov/pubmed/11856793
http://www.ncbi.nlm.nih.gov/pubmed/24237006
http://www.ncbi.nlm.nih.gov/pubmed/25913022

Cardiorespiratory arrest in children (out of hospital)

TABLE 1

@
=
o
-
D

D
~—
=

© BMJ Publishing Group Ltd 2015. All rights reserved.




TABLE 2

TABLE 3

© BMJ Publishing Group Ltd 2015. All rights reserved.

Cardiorespiratory arrest in children (out of hospital)

16

yireay pliyo



Cardiorespiratory arrest in children (out of hospital)

© BMJ Publishing Group Ltd 2015. All rights reserved. 17

yireay pliyo



